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(57) Abstract: A process for producing an alkyl 3-(4-tetrahydropyranyl)-3-oxopropionate 
compound represented by the formula (1): (1) (wherein R^ and R^ may be the same or dif- 
ferent and each represents a group not participating in the reaction, provided that R^ and 
R^ may be bonded to each other to form a ring optionally containing a heteroatom therein; 
and R^ represents a hydrocarbon group), characterized by reacting a 4-acyltetrahydropyran 
represented by the formula (2): (2) (wherein R^ and have the same meanings as defined 
above) with a carbonic diester represented by the formula (3): (3) (wherein R^ has the same 
meaning as defined above, provided that the two R^'s may be bonded to each other to form a 
ring) in the presence of a base. Also provided is a process for producing the 4-acyltetrahy- 
dropyran. 
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BY, KG, KZ, MD, RU, TJ, TM), B — Oy/i (AT, BE, 2 Sl^? 3— KRI/fteOBSiglC-0 1^X1*, ^XB^ff 
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[0002] tt^jfe. 3-(4-7^h^tKnfc°9:=:/l^)-3-;^d5-y:/n^NV^r/l-=3r7H[::'^^f-MU-Cfi. 
4-7"h^tKnt°^y-r/vg^^7<^/^irV^9^$^(^IHtt;a5feo/c;65. ^(DMfe^^JttfS: 

[0003] ^/c. 7^^?g(Di^5|Sf{b^i^T?fe54-rv'/V7^h^tKnt°^^CDS^?fe^LT{^. M;t 
2,2'-v^iJ^nn:3i^/V:3:— 7"7l/^-->Tyg^^:3i^/V^^SJ^;$^^T4-iyTy7"h9t 

K^t°^>^-4-;^/^*VM^:3l^/^;gr^j^L/t^I. rtL^;t]n7K5>^f bT4-^>Ty^b^tK 
nt°9^-4-;i;/^/Ki^^iL. ^v>T\ m^i^^aTT^;{]Pf^UT4-ixr77"h9tKnt°9 

^^f^iiSr^l :Tezisy Doki.-Sov.-Indiiskii Simp.Khim.Prir.Soedin.5th, 1978, 16. 
##fF^S^2:J.Am.Chem.Soc., 64, 1672(1942) 

[0004] ^mm(Dmmii. muf^^i^r. mw^j^m^x-^x. 4-T^>/u-^hyt:Kn 
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[0022] ^fc. mm^^^T. mm^mi'p^iS£^^t'r^:itf£<. 

[0023] ^lO|§0^cDSJ^:(^*DV^T^ffl-r54-r->/V7"h^tKnt°^>'(^, tfj|EcD5SC(2)*t? 

^^rv-S. ^^b^^s-v'S. :/n^^v'S#(Dj^*i^^^^l-6cDii:^Xf*^H^T/V3^v^ 

/i^S, :^nt°:^:=^/vS, ^^yV/^S^<D;K0j^^^l— l2(Dri/7^S;*7^5;/l^;^- 
yymw^^. MMB^^. ^MU^. ^^mW-^^^<D^-^n^^^U^f)tm-fhf\.^o ^i:^ 
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ntVV^, -f^jv^^ ^^-yjv^^ y^/i^S. 

[0025] ||l(7)^0J(7)Mj^;f^:|oV^T'f£^-rS^gtv=«7"/KZ)fi}^, 4-T->7V7^b^tKnt° 

[0026] mi(^isp>^(^^^st?'i£ffl-r5itstL-cf*. m^n.. p^c^^bP^^^A, ;^c^^t^-^hy 

t-:/>=¥v-K^(DT7^:;&y^JST/v=t3rv/K (J^c^^J, ZJch^nm^-f^T jv^— ;vWm. 

^bTf£fflbTt^Sv^) ;^^^hyi^A. j^^:^y'>^^(7)T/V:^y^JS;^^it;^S^ 

^^^hy^^i^. ^M^m;*y:>A^(Dry^;;f7y^s^^^*i&;^^^b-^hy'^A, ^ 

^'fb:^y'>i^^(^T/v;^y^M^m'fbi^^s^tf^n5^N0^L<(tT/^;^y^m^ 
l^'fbi^. T/v:;i7y^JST/v=t^v^K;as#jf fetb. HJc0^b<f*7K?^'fb^hy'>A^t;? 

[0027] mW&^(omMmi.. 4-r-^/V7^h9tKnt°9>-l^/Vj->PfbT. 0^b<f^O.l— 

10^/1^. M^-0^b<«i— 5^/v-efc6c 

[0028] m\(D%m(Dm.m-±. }'W^^(D#^TX{i##^T(-*3V^Tttt3tL5o f£ffi«^ 
M<JrbT(i. Si^:^^PS.$b;'i^/^%(0/^?^^^#^^PSS$;i^/^v^^s, n— ^^/i?'^, 
n-^df-i?-^, n-^:/^:/, n-;e-:^^i57^, i-;^-^^^^?^^'. ->i^n^:/i$7^^ -^^^n 
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[0029] mmmmmmmn. Rjtm^(Di^-i^'^mmtK^'omm^m'r^iK 4-t-> 

y^7^h^tKot°^>'lgJ;i^UT. *b<«0— lOOmU M(-$f^b<f40— SOmrefoSo 

Tftt^n^o ^(DmcoRjt^Umi-i. 0^b<mo--15O°C. Mi-^?^b<fl35— 130°C 

^W^^-i^rT'ce ^5f,^j^:trtT5 (^iOSM^bv \ 
[0031] Sj^:r^T#^ *^^^i^-t?feS3-(4-7^b^tKnt''^=/v)-3-;r=^y::/n/N°:/^T 

^fp. mm. mm. mm. Wi^^B. -^yd^^n-^v^^yy^ 
[0032] if.mm^^\^xi^m-^n^^^mt^m(D^{2)xf^^n^A-riy7Vv-Yy\i^^ 

l^VX. m^\t. m©#?£T. ^(4) : 



[0034] -R^J^XlR^l-t. mUtnmX'hX). R^«> T/V^/V^^m-^. 

b^mmt-r^m^cDmm^xjou^'r^z.bfi^x^^, 

[0035] M20|gpj-cfe6J!^^^^SJ^;^J-*5V ^x^^ir^4-T-y/v-4-T/u=i^i^:fyjU7i^=-/u 



[0033] 




(4) 
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:r.^7vm. ^ntVi^S. :/^;vm. ^^l^;vm^(DmMJ^^W^l—Q(D 

[0036] m2(Dmm'^'^^m.fkmK}^^Km^xm.m-rm^tL-x\-±. m^\^. m^. v 

[0037] ttj|E^(7)f£fflifi, 4-riy/W4-r/^3=3e->;^7/^4^^:=^/^7"^^tK^t°^:/l^/v^;I>y- 
bT. $f^b<ftO. 1—20^/1^. J:'90^U<f^l— lO^/l^t'fcSo 

[0038] m2(Dmmxh^m.iMmK!tnm^(D^^rxno<Dmmv^\ mm^n^'m 
[0039] ttmmm(Dmmmi-i. RstM(7)i^~i^'^m:wm^x^m'^mw-r^-A>. ^-r^yjv 

L< 1 — 10ml, 3£ (C^f ^b< 3— 10ml-t;fe5c 
[0040] m2(D^0J-efeS|^i^mSJ^^«> M;t«\ 4-r>^/V-4-ryP3dr-;/;^;/^jK:=i/V7^h9 

tL^o ^<Z)[iS(DHJ^;?Sittt. $f^b<f*50-150°C. J;^)$f^U<m0-150°C. Mt- 
$f 90- i40°CT^fe'9 . SJ^:H;^ PS$;i^^ce V 

[0041] ||2(D|gP^-efe5J!5^^mSJ^;j-J:oT4-rv'/V7^h^tKnt°^>';i5#p5ti.5;as, 

f^, Ki^i^^T^. 4^fp. fflW. Mfi. SW, Wm^. m^. ^'7J>^^x2 

'rv^^^y^-m(D-m.mfmmKi^-oxn.m-mm^fh^. 
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[0042] ^3(Dmm-X:h^^(l) l?^^fL53-(4-7^h9tKnt:°^c:^/^)-3-;t-^y:/n/N°^^ 

m^i^s 3-(4-7"h^tKnt°^:=i/l/)-3-^df-y:/n/N^^7<^/V. 3-(4-7"h^tKn 
t°^:=^/l^)-2-7«^/l^-3-^df-y:/c2y~^^/^^^/k^ 3_(4_^f.^tKnt°^:=i/k)-3-;^-df-y 
t/cry^^^zc^/V, 3-(4-7^h^tKnt°^— 7U')-2-7^^/P-3-;^^y:/n^^i/^zc^7P, 
3-(4-7^h^tKnt°^:=^/P)-3-;e-^y:^n^A°:/^n-:/ntVV, 3-(4-7^h^tKcft°^:=^7U' 
)-2-7^^7l^-3-;r=^y^n^-^>^Mn-:7°ntVP, 3-(4-7"bytKnt°y^/^)-3-;e-^yy°n 
^N°:/^^y:7°i3tVk^ 3-(4-7^h^tKnt°^:=^/V)-2-7<^/W3-;e-dryy°nxN°^Pt-fyy° 
ntvv, 3-(4-7"^^fcK^t°^:=^/^)-3-;^-=¥y:/^/-^>'^n-y'^/^, 3-(4-7^b^tKnt° 
9:=-M-2-?^^7U-Z-^^yy^^-^>mn-y^^/U, 3-(4-7^h^tKnt°^:=i7^)-3-:^=3ry 
::/n/N>^^^y3^'^/v, 3-(4-7^h^tKpt:°^^/^)-2-7^^/W3-;#-^yy°n/N>'^^y 
3-(4-xhytKnt:°^^/^)-3-;r^yy°ny~^^^tert-y^/W. 3-(4-xh^tK 
nt°7^/^)-2-7«^7W3-;r=^yy°ny'^>'^ert-:7^^7^, 3-(4-xb9tKDt;°9:::^/V 
)-2,2'-v'7<^/V-3-;e-=3s=-y:/n/N°^^^^7^, 3-(4-7"h^tKnt:°^rz/V)-2-^^/W3- 
;^:3^y:7°n/-^^^7<^/V. 3-(4-^h^tKi3t:°y;:^/V)-2-^^/^-3-;r=^yy°n^^>^^^ 
^yl/, 3-(4-7^b^tFnt°9^/V)-2-J^^yl/-3-:r=¥yy°n/^>'Mn-y°ntV^, 3-(4-7" 
h9t:Knt:°9^/^)-2-3^^/V-3-;^=35^y:/'n/^°>'M'l'y^nt;VP, 3-(4-7^b9tKnt°9 
-/k)-2-^^/l/-3-:r^yy°n/-?^^n-:/^/V, 3-(4-7^h^tKnt°9^/l/)-2-3i^/V 
-3-;^-^yy°n/-^>M^yy~5^/V, 3-(4-7'h^tKt2t°7^/^)-2-^^/W3-^=^yy°n 

[0043] ;*:^?^(D||4C9^5a«, tij|B^(4) J^*5V^T. CHR'R^;05m^/l'^-efc^^(5) T 
^$n'S4-y°nt°;r:=^/V-4-r/^3d5-iy;i77P7K:^/1^7"b^tKnt°^^/{^ff^^b'^i^ 

^■9. 5S:(5)(:i*dV^T. R^ttffjtEL/ci:*D'9't?fcao icD j;5^c^4-y°nt'';e-r:i7W4-T/V 

^v':;&/k/K:=^/V7^h^tKnt°^:/, 4-^nfc°^:=i7^-4-:3ihdr->;i7/V/e?:=^7l^7^h^tKn 
4-:7'nt°;^r:i7k-4-n-y^n7K=3r-->'^/V)5K:=^7l/7^b^tKnt°^^, 4-:7'nt°;e-r:^ 
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[0044] m^. mmm^mifx^^mm^M.i^mmm'r^^K ^mm<Dmmn^thh<,cm 

[0045] (4-r-fe:^/W4-7<h=3rv';57/V7}^':=^/^7^h^hKnt°^i/(Z)'^^) 

^:^=i\Z, 2,2'-v^i^nnj^^y^^— ^yH43g(1.0mol), il;i<;^M:*IJ'^A276g(2.0mol) 
. 3'>{b:^y'>i^lOg(0.06mol)^tJ«N,N-i^7{^/P;iN7l-AT5:K600ml^>EjP^, WlW^'^fi 
;asf580T:^-C#m^-l5:/c. ^VM?, 3-;^^y:/^>'^^^/H39g(1.2mol)^fr^6^;a^t^ 

t:°^>^95g^#/c(^IMX4^ : 50%). 

o 

[0046] CI-MS(m/e) ; 187(M+1) 

'h-NMR(CDC1 , 5 (ppm));1.95— 2.01(2H,m). 2.13— 2.18(5H,m), 3.55— 3.61(2H,ni) 

3 

. 3.73— 3.79(5H,m) 
[0047] MMMl (4-r-fe5^/V'7^h7tKnt''9:/(Z)'^J?^) 

Kcit°^>'0.38g(2.0mmol)^l3^9mol/lfiifE^1.08ml(10mmol)^^JP^, $S#L/ce;6Sp3l20°C 
mm) Lfd^r^. 4-T-fe^7V^h9tKnt:°9V;aS0.25g^^bTV^fc(Si^;iR^:96%) 

o 

[0048] (4-T-fe^yk-^h9tKnt;°9^(7)^j^fe) 
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Fnt°^>-0.38g(2.0mmol)^mmol/l:Sg^2.52ml(10mmol)^^JPx.. mWVti'A^^hUOX: 

[0049] (4-T±^J^^Thy^:^V^^°T^(D^f^) 

#f?n<^rlW11t/^;^feT^j5feLfcMi^99%(D4-r^r^7^-4-^^^^/;^7^/^^'^7^7^^^t 

Knt°^>'0.38g(2.0mmol)^m7%:i:'ft:7Kll^l.70g(l0mmol)^;!jP^, ^W\^^£^^h 
65%)o 

[0050] mMm4 (4-T-fe^7^xh^tKnt;°^>'cDM?i) 

^/V7"h^tKnt°7^202g(1.0mol)^tJ^7^^y— /W20ml^^P;t, mW^^^<^-^^^h35°C 
7X^^X\ 35fi»%jii^fb^|^7K201g(2.0mol)^8mol/l^^'f[:-:»-hy 

XSmmtai^fCo «StrMffiTT^W(90-92°C. 2.0kPa)LT. ^fe^t^ibT. 

1 13g^#fc(^^iR^ : 85%)o 
4-Tir^7i^7"h^tKnt°^:/Oi|^t41ii{mT(^ii'9-TrfeofCo 
[0051] CI-MS(m/e) ; 129(M+1) 

'H-NMR(CDC1 , 8 (ppm));1.60— 1.82(4H,m), 2.16(3H,s), 2.50— 2.61(lH,m), 3.39 

3 

— 3.47(2H,m), 3.96— 4.02(2H,in) 

[0052] HlfeMS (3-(4-7"h^tKnt°^:=i7k)-3-;e-=^y7°nyN^^^^/KZ)^j^fe) 
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35.0g(273mmol). ^^v'^^/V280.0g(3. lmol)S.T^-^hy A^b^v^K 

16.3g(302mmol)^^]P^, glJ^-TST^^y— ^S^. 80— 85°C-C2B#f^^^ 

6mol/lii:it55ml(330mmol). 7i<35m\(Dm'^'M^fc, ^mM^^Ml^fc^. tKM^W^ 

)-3-;^-=3ry:/n^-^>-m7<^/V40.9g^#fc(^g|iR^ : 76%). 

mWMt^^X^-^fCo 

[0053] CI-MS(m/e) ; 187(M+1) 

'h-NMR(CDC1 , 6 (ppm));1.68— 1.82(4H,m), 2.66— 2.72(lH,m), 3.38— 3.47(2H,in) 

3 

, 3.51(2H,s), 3.75(3H,s), 3.97— 4.04(2H,m) 

[0054] ##M2 (4-:7°nf;r^/^-4-7^h^->:^/V^^^/p-^h^t:Knt°^>'0'^j^) 

mwrnU. ?Mff . MT«i|'^t)^3li)ft?^«^#x.fc^^a200ml(D:5^f9;^i^:7 

2,2'->^i5'nn:n^y^3^— 7^/H3.0g(0.09mol), tl^J^^:^y'>3s 
35.9g(0.26mol), ar>'f[:::^y:>-i^l.3g(7.8mmol):S.tJ«N,N-v^^^7P^/l/i>.T5F80ml^*P 

X.. «#^-ii-7'=edsp,80°c^-i?#S.^i^fco ^^^v^-t:^ 3-:^=5ey-o^^it7^^7^ 
20.0g(0.15mol)^t^§^;0^(^riiTb. lRl?aS-t;7H#r^Sj^;$i^fc:o S^SI^T^. SJ^; 
?SJ;i;^C200ml^U«M:S^32.3g(0.31mol)^;(jP;tTpH^4.5j;i|IS«UfCo f^SJ^^^^^Bt 
^3i^7P200ml-t?3@ttffiUfCo ^5|m^^^-^^^^-^'>i^-e^'B$i^fcm. 

li^ffi;-^=3f-i^>'/i^^::^^/^=3/l(^»J:b))-:?»Mb. mn^UW-tX^X^ 4-^n 

4-y'nt°;^:=^/W4-^h=3r>>;^7/^;J^^:=^/V7^b^tKnt°^^C0i^'[4'fgJ*i^ 
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[0055] CI-MS(m/e);201(M+l) 

'H-NMR(CDC1 , 6 (ppm));1.03— 1.07(3H,t). 1.95— 2.19(4H,m). 2.44— 2.51(2H,q). 

3 

3.48— 3.80(4H,m). 3.76(3H,s) 

[0056] MMMG (4-:7°at°:e-:=^/^7"h^tKnt°^^(Di^^'i) 

4.8g(24mmol). 7k30mi:Sl5^ta^9.0g^;!}P^. it^^-fr^^^^Sfjioo^CrrlO^^HJ^:^ 

^:ri/V^b^tKnt°^>^2.58g^#fc(#|tiR^:76%)o 

[0057] CI-MS(m/e) ; 143(M+1) 

'h-NMR(CDC1 , 8 (ppm));1.03— 1.08(3H,t), 1.68— 1.76(4H,m), 2.45— 2.52(2H,q), 

3 

2.53— 2.62(lH,m). 3.39— 3.43(2H,ni), 3.96— 4.02(2H,m) 
[0058] (3-(4-^h^tKnt°^c:^y^)-2-7«^/V-3-:r=3ry:/n/N°>'^7^^/V®^j^) 

^^{^^ llliM6i!lII«/^;^fi-t?'a^^bf'4--:/nt:°;r^/^7^h^tKnt°9>' 

1.28g(9mmol), ^^v^7<^/V16.0g(180mmol)RtJ^-^hy'>A7<h^>^Kl.2g(22mmol)^ 

SJ^:?g^5-10°C^-e?^^L/c^. R)tmi^mm^^^^50mU 6mol/li^^ 
3.4g(24mmol). 7Kl5m\(DmXlJ\}^fCo W^S^^^U/c^. 7Kji^gt^::E:^/^50ml 

X. 3-(4-7^b^tKnt°^:=^/V)-2-^^/V-3-;e-^y:7'n^N°^^p<^/l/0.60g^#fc(^it 
^^:33%)o 

3-(4-7^b^tKnt°^c:i/^)-2-7«^/V-3-;r=^y7°nyN°>'it7«5^7kC0i^t4i[i:f*J^J.T» 
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[0059] CI-MS(m/e);201(M+l) 

'h-NMR(CDC1 , d (ppm));1.32— 1.36(3H,d). 1.68— 1.81(4H,m). 2.74— 2.84(lH,m) 

3 

, 3.38— 3.48(2H,m), 3.66— 3.72(lH,q). 3.73(3H,s). 3.97— 4.03(2H,m) 
[0060] MMM8 (3-(4-7^h7tKc2t°^^/k)-3-;^dry7°n/NV^J^^7P(7)'^^) 

^i^s ^^v^^^/^4.56g(31mmol). i-hV^J>>^h^>']^^3.98g(58mmol)^M^. 

^85°C-^'^-MBil^fc, ^V^T. 4-r-fe^/^7"^^tK^t°^>^5.0g(39mmol)^^^6^;0^ 
i;iMTbfc, ^mv'^^/^^4.56g(31mmol)Sr;!]P;t/c^, 80-90°CT-lB#^1S 

jVt!y2>.pxi'^V^^^y^-' {^-i^^yiy : gt^m^/ix= 10 : 1^10 : 2) XWMVX. 

IK#:i:LT3-(4-7^h9tKnt°^::i/k)-3-:^=3py^n/N°>'^rc^yl/1.0g^#/c(^ltJJX 

^:13%)o 

3-(4-7^hytFnt°9^/V)-3-;^=^y:/n/>°>^^^^/P(i. ^T(Dmm}$:X^^ti^ 
CI-MS(m/e);201(M+l) 

'H-NMR(CDC1 , 6 (ppm));1.28(3H,tJ=7.1Hz), 1.68— 1.83(4H,m), 2.66— 

3 

2.77(lH,m), 3.39— 3.47(2H,in), 3.50(2H,s), 3.97— 4.04(2H,m), 4.20(2H,qJ=7.1Hz) 

[0061] 4-T->/V^h9tKnt;°y>'/5^b3-(4-7"h9tKnt°y^yW)-3-:^^yy°n/-^ 
>mr/V^7}^it^S^^mi^-i'^:fjBi^m-i-^o 3-(4-7'h9t:Knt:°y^/V)-3-:^^y 



wo 2005/058859 



14 



PCT/JP2004/018938 



wo 2005/058859 



15 



PCT/JP2004/018938 



[1] 



[2] 



m.m(D^^r. ^(2) 



CHR^R^ 




(2) 



R^O^ ^OR^ 



Y 

o 



(3) 




OR^ 



(1) 
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-fxiyfjvm. ^i^^fvm. ^-^-yfvm. ^z^^^vm. ^'^^^vm. 

[3] .^^v^^^7"/vcD'Kffl*;^5> ^-r-yjVTY'7^Y^'dyly\^Mz.^\.X. 1.0—50^ 

?vx'h^mi^(Dmmw,\^^m.(ow^o 

/Kdr->K. ^by'^7i^i-^°n;K=3r->K. ^by'^An-:7>dr->K. ^hy'^7At-^>dr^>K. ;^y 

y'?^n-7>=3e->K. ;^;y'^7^t-:/h=3rv'K;^^^hy'^i.. ]km.iJ^)'^j>^-MmMm'rv) 

^i^.. ^gt7k3^;^;yf>i^;7j<m{[^^by'^i=s. 7J<^^l^;t7y'>A^^b/c^6SI<J;'93l^X$tLfc 
61^^^^ < ia-t:fc5ff ^(DfSH^l Jlfam(^^^ic 
[5] ii:Sc^f^M*;eiS, 4-T>'7^7"h9tKnt°9>'l^/vi->?>fb-C. 0.1— lO^/v-CfeSW 

-i5or-csj^^^^T5ti(^-t?&5if^®i£ig^iiKfBgc(DS^?fe. 

[7] (2) -t?^^tl.S4-Tiy/W7^h9tKnt°9^;a^ M©#:&T^ (4) : 



h\^xy)n^f\.^%(Dxihmti^(Dmm%i^%^Wu(D'i-{^-'TVy^Yxi\f^ 

[9] J!$£j^^MJ^?^590-l40°C(D?M-t?ftt?;rL^f»^(D^HIl7TO«!cO«^fe, 




(4) 
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^(D#^T. ^(4) : 




(4) 



.^^#»-rS. ^(2): 




(2) 




(1) 



j^(5): 
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